' Assiut University | L | Quantum Mechanics 411P
Faculty of Science 3 S5l Summer 2019
Physics Department Exam date 25/8/2019 Time allowed: 3Hours

Answer the following question: (all questions carry the same weight 10 points)
Question #1 Q

A particle of mass m, which moves freely inside the region —a <x <a, is initially
in the state

w(x,0)= L cos(zx-] + = sin (ﬂ—j |
’ J5a 2a Jsa a

a) Find y(x,t) at any later time t.

b) What is the expectation value of the total energy (£) for this system?.
Question #2
Consider the wave function w(x,t)=dA e "l
Where A, 1, and @ are positive real constants. |

(a) Normalize v

. , 2
(b) Determine the expectation values of x and x°.
2 3

,as a function of x.

(¢) Find the standard deviation of x. Sketch the graph of {t//

Question #3
F'rom separation of variables applied to the time-independent Schrédinger equation,|

we have:
2 2
L d [lﬂzdR(r) _ 2mr W (r)=E]=e(2+1)

R(r) dr? dr h? M

forinteger (. Transform to the new function u(r)=r R (r), and show that

the above can be written as:

Ly 23 gra.
_hT dru(r) F V) e e L(L+]1)
2m  dr? 2m  p?

u(r) =FE u(r).

Question #4
Work out the radial wave functions R,,(r) and normalize it

Question #5

Show that for Hydrogen-like atom <7 >= 3—;/0 for the ground state , and show that

i

&

’ 1 A —Zrla
F f;’— for the ground state. (Wl- = ()" e ]

\/; a,
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Semester: Summer 2019

Date: 28-08-2019

| Assiut University Final Exam

| Faculty of Science Physics of Semiconductors and Thin

Physics Department Films and its Applications (P451) |} Time allowed: 3 hours

f

INSTRUCTIONS TO STUDENTS

I. This assessment paper contains SIX (6) questions and comprises NINE (9) printed pages.

. Students are required to answer FIVE (5) questions only.

o

(OS]

. Students should write the answer for each question on a new page.

4. This is a CLOSED BOOK assessment.

h

. A table of physical constants is at the end of the assessment paper in annex A.

6. Permitted materials: electronic calculators.
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Question One (10 Marks Total)

(a) Briefly discuss the temperature dependence of semiconductor conductivity?
(6 Marks)
(b) Define:
(1)Diffusion length.
(ihlLifetime of minority carriers.
(ihFermi encrgy.
(iv)Schottky barrier height.
(4 Marks)
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Question Two (10 Marks Total)

(a) An n-type silicon has been doped uniformly with 10'® antimony (Sb) atoms.cm™.
Calculate the position of the fermi energy with respect to the fermi energy level in
intrinsic Si. This n-type Si sample is further doped with 2 x 10'7 boron atoms.cm™.
Calculate the position of the fermi energy with respect to the fermi energy level in

intrinsic Si. Assuming T =300 K, and ni= 1 x 10" ¢cm™. (6 Marks)

(b) In short paragraph with sketch, show how you can engineer the fermi energy level of

semiconductor? (4 Marks)
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Question Three (10 Marks Total)

(a) What is a degenerate semiconductor?
(3 Marks)
(b) Draw the band structure of a degenerate semiconductor?
(3 Marks)
(¢) Using the band diagram show how we can use the ohmic contact principle in cooling
system?

(4 Marks)
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Question Four (10 Marks Total)

(a) What is the Schottky diode? Draw the band structure of Schottky diode at equilibrium?
(3 Marks)

(b) Consider a n-type Si sample doped with 10'¢ donors.cm™ at 300K.

(i) Given the effective mass of the electrons are approximately 1.08me. what is the

effective density of states at conduction band edge? (2 Marks)

(ii) The electron affinity (3) of this Si is 4.01 eV and the work function. ®@. of four
potential metals for the two ends contacts are listed in table 1 below. Ideally which
metal will result in a Schottky contact and which metals will result in an ohmic

contact? Justify your answer.

(5 Marks)
Table 1 Work Function in (eV) o 7
cs Li Al o Au 1
1.8 2.5 4.25 50
| E— - I | E—
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Question Five (10 Marks Total)

(a) With sketch. what is the direct and indirect Bandgap Semiconductors?

Y

(3 Marks)
(b) An abrupt Si p n junction diode has a cross sectional area of 1 mm?-, an acceptor
concentration of 5 x 10'® boron atoms.cm™ on the p-side and a donor concentration of
10'¢ arsenic atoms.cm™ on the n-side. The lifetime of holes in the n-region is 417 ns.
whereas that of electrons in the p-region is 5 ns due to a greater concentration of
impurities (recombination centers) on that side. Mean thermal generation lifetime is
about 1 ps. The lengths of the p-and n-regions are 5 and 100 microns respectively. (€

11.9,ni=1x 10" em™).
(i) Calculate the minority diffusion length and determine what type of diode this is.
(i1) What is the built-in potential across the junction?

(iii) What is the current when there is a forward bias of 0.6 V across the diode at 27

°C? Assume that the current is by minority carrier diffusion

(iv) What is the reverse current when the diode is reverse-biased by a voltage V: = 5
V?

(7 Marks)
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Question Six (10 Marks Total)

(a) With comment, Draw the band diagram for a pn junction under open circuit. forward
bias. reverse bias, and thermal generation conditions
(6 Marks)
(b) With sketch, what is the direct and indirect recombination?

{4 Marks)

With my Best wishes

Dr Abdelnaby M Elshaliawy
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Annex A
Table of Physical Constants

Symboaol Name

§ Velocity of i
H Planck's ¢o
N Avogadro’s rumber

O Permittivity of vacuum

" Permesbility of vacuum

eht n vacuum

R (ras constant

I Paraduy

Electronic charge

i Llectromc rest mass

Lim Specific electronic charge
electron |

Compon wavelength of

I Classical radios of eleciron

Hir Proton rest mass

MNeutron rest mass
Baolizmann consiant

7 Stetan-Doltzmann constant

Ve Standard volume of ideal pas

T Bohr magncton

5 MNuclear magneton

Iy Proton magnetic moment

Fa MCULTon mEgnele moment

b Energy associated with 1eV
Atomie mass unit

0 Fine structure constant

s First Bobr radius

I Absolute temperature of 1ee-point

Aceeleration due to gravity (Singapore)
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